The objective of this study is to analyse previous research on the adoption and diffusion of business-to-business electronic commerce (B2B EC). The study focuses on case-and survey-based empirical research. We identified a total of 197 relevant studies and classified them using several categories. An analysis of these studies enabled us to discover a variety of issues in B2B EC adoption and diffusion research with respect to research objectives and methodologies, use of theory, adoption and diffusion factors, and B2B EC-performance relationships. We made a number of recommendations for future research in each of these areas.
Introduction
In recent years, the adoption of internet-enabled systems is considered to be an important component of firms' supply chain operational strategy (Boyer and Hult, 2005; Thun, 2010) . According to Forrester Research's estimations, internet technologies enabled 40% of all electronic business-to-business (B2B) transactions in the USA in 2008 (Caniato et al., 2010) . Thus, the great potential of internet-enabled systems to improve communication, coordination, and collaboration with trading partners at operational, tactical and strategic levels (Liu et al., 2010) , as well as to reduce costs, increase speed to market and make procurement more efficient has attracted managers' attention in recent years (Aboelmaged, 2010) .
The potential of information technology (IT) and the internet to transform inter-firm collaboration is a relatively new topic in the literature (Power et al., 2010) . This is a good time to reflect on the empirical studies conducted in this area so far and provide directions for future research to strengthen the field. The objective of this study is to analyse previous empirical research on the adoption and diffusion of internet-enabled B2B technologies and recommend future research in several areas. Following the methodology section, the third part of the paper classifies the 197 papers by subject area, journal title, year of publication, and the number of publications in each journal. The fourth section classifies papers by their research area, research objectives, and use of various organisation theories. In Section 5, we discuss the relationship between businessto-business electronic commerce (B2B EC) adoption/diffusion and firm performance based on the findings of these empirical studies. In the last section of the paper, the implications of this study for research and practice are discussed.
In this study, we define B2B EC as internet-enabled B2B technologies or applications used by firms to buy and sell products and share information with their supply chain partners. These technologies include electronic marketplaces, online auctions, enterprise resource planning systems, and electronic hubs, among others. We use the term B2B EC interchangeably with other terms such as internet-based interorganisational information systems, e-business, e-commerce and web technologies, which are also used to describe B2B exchanges with internet technologies in the literature.
Methodology

Research steps
The methodology used to identify the relevant studies for analysis involved five steps and is described in Table 1 . Since the focus of the study is on the adoption and diffusion of internet-enabled B2B EC technologies, we searched several keywords such as the adoption/assimilation/diffusion of B2B electronic commerce/business, internet or web-based interorganisational information systems, and electronic supply chain by using online databases, including ABI/INFORM Global, Emerald, ScienceDirect (Elsevier) and Google Scholar. We chose the year 2000 as the start date, because it corresponded to the time when empirical research related to B2B EC started to emerge. The ending period for the review was 2013 inclusive. We narrowed our search to peer-reviewed journal papers. Like Gunasekaran and Ngai (2004) , we did not include dissertations, textbooks, unpublished working papers or conference proceedings papers to achieve rigor. Theory development papers and literature reviews were also eliminated. We decided to focus on empirical studies, since empirical research is important for theory building and testing (Roth, 2007) , whereas the effects of non-empirical studies on research practice have not yet been realised (Robey et al., 2008) . We carefully screened each paper's title, abstract and body text to ensure that they were only related B2B EC technologies conducted over the internet and that they were empirical in nature. As a result, we identified 197 relevant papers to foster our understanding of the state of empirical research in this area. Data related to these studies were entered into an Excel spreadsheet and analysed using basic descriptive statistics. Table 1 Research steps
I. Sila
Steps Description
Paper search and data cleaning
Based on the research questions of the study, the search strategy and criteria to identify relevant papers for the review were determined (Davies and Crombie, 1998) .
Searched papers using ABI/INFORM Global, Emerald, ScienceDirect (Elsevier), and Google Scholar:
• Searched several keyword combinations, including the adoption/assimilation/diffusion of B2B electronic commerce/business, internet or web-based interorganisational information systems, and electronic supply chain.
• Years covered are 2000-2013 inclusive.
• Only empirical papers written in English and published in peer-reviewed journals are included.
Paper coding
The 197 papers identified in step 1 were coded using a data extraction form (Wright et al., 2007) .
Analysed the full-text of each paper and coded it by:
• Journal name and type
Methodology and statistical techniques used
Results of the study 3. Re-cleaning data Some of the studies that did not conform to the search criteria but but passed initial screening (e.g., the focus of the study was not on internet-enabled technologies or B2B, or the study was not specifically related to B2B adoption and/or its relationships with performance) were further eliminated.
Data analysis and results
The studies and their results were analysed in tabular format to determine whether or not they could be pooled and used in a metaanalysis (Wright et al., 2007) The objectives of the selected papers were further categorised into specific topic areas to identify gaps in B2B EC adoption research. In addition, the findings of each study were summarised as they relate to empirically extracted adoption factors and the performance effects of B2B EC. The predictor and outcome variables, as well as mediating and moderating variables/contextual factors (if any), and their significance, were tabulated.
Interpretation of results
Based on the evidence obtained from the analyses conducted in previous steps, deficient research areas were identified and recommendations regarding future studies were made to improve on these deficiencies (Wright et al., 2007) After carefully tabulating various findings across the 197 studies and analysing them, a number of research gaps were identified and recommendations for future research were made. The recommendations included issues related to study objectives and designs, methods, sample size, and so on, to adequately carry out future studies. Gunasekaran and Ngai (2004) conducted a review of the role and implications of IT in supply chain management by analysing journal papers in the operations management, supply chain, operations research and information systems (IS) literature. Melville et al. (2004) focused on the consequences of IT and used peer-reviewed papers in leading journals in several fields and conference proceedings (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) Robey et al. (2008) , we focused on only empirical papers, but we have not limited ourselves to a particular field or audience and decided to take an interdisciplinary approach in our review. In addition, given the diverse variety of interorganisational information systems that exist, we only focused on internet-based B2B technologies in the review to maintain focus and rigor, as well as strong internal validity. However, we did refer to papers in the general IT and interorganisational information systems literature, where appropriate. 14, 17 and 14 in 2011, 2012 and 2013, respectively. In the MIS field, a relatively high number of papers were published in Information and Management (10), the Journal of Strategic Information Systems (7), Information Systems Research (5), the European Journal of Information Systems (5), Decision Support Systems (5) and Journal of Electronic Commerce Research (5), followed by MIS Quarterly (4), the Journal of Electronic Commerce in Organisations (4), the International Journal of Information Management (4) and Internet Research (4). In the MS/POM field, journals that published the largest number of papers in this area included the Journal of Operations Management (13), the International Journal of Operations and Production Management (7), Industrial Management and Data Systems (6), Supply Chain Management: An International Journal (5) and IEEE Transactions on Engineering Management (4). In marketing, Industrial Marketing Management published by far the highest number of papers (14), followed by the Journal of Marketing (4). Five of the six papers in the Innovation category were published in Technovation and four of the five papers in the Tourism category were published in Tourism Management. There were no such patterns in the Economics and General Management fields.
Comparison with other literature review studies
Classifying papers by subject area, journal title and the number of publications in each journal
Table 2
Classifying papers by subject area, journal title, and the corresponding number of publications in each journal Table 2 Classifying papers by subject area, journal title, and the corresponding number of publications in each journal (continued)
Classifying papers by subject area, journal title, and the corresponding number of publications in each journal (continued)
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Classifying papers by research area, objectives, and theories used
In this paper, papers are classified according to their research area based on the internet-based B2B adoption research stream they are a part of, whereas the classification of papers based on objectives is more concerned about their specific research objectives, which eventually determine their hypotheses and methodologies. It is evident that the e-business field is relatively new. Therefore, there are still no universally-accepted classification schemes to classify e-business research (Gupta et al., 2009) . On the basis of the classification schemes used by previous researchers such as Johnson and Whang (2002) and Krishnan (2003a, 2003b ) and a detailed analysis of the 196 papers, we came up with the following five categories of empirical B2B EC research: e-auctions: Studies that focused on e-auctions analysed the effects of auctions on transaction costs (Garicano and Kaplan, 2001) , their benefits to buyers (Hartley et al., 2004) and effects on buyer-supplier relationships (Jap, 2003) , the factors that motivate buyers to use e-auctions (Mithas et al., 2003) , the differences between the users and non-users of online auctions in terms of the importance they place on supplier collaboration, cost management, sales revenue and profit improvement (Kros et al., 2011) , and so on. Online reverse auctions were the most frequently studied auction type.
e-procurement and other B2B functional activities: This category included the second largest number of papers. By far the majority of papers in this category dealt with e-procurement. A few studies focused on other B2B functional activities such as e-marketing and e-distribution. Some of the research topics covered included the factors that contribute to e-procurement success (Boyer and Olson, 2002) , the effects of process characteristics on the value of e-procurement (Subramaniam and Shaw, 2004) , antecedents and consequences of e-procurement (Mishra et al., 2007; Devaraj et al., 2012; Giunipero et al., 2012; Rotchanakitumnuai, 2013) and the use of B2B EC for e-marketing (El-Gohary, 2012) and various other functional activities (Elia et al., 2007) .
e-integration across functions or supply chain: This category contains the largest number of research papers that were analysed. Studies in this category took a more holistic approach to the analysis of B2B EC technologies and looked at their use across business functions and the supply chain. Some of the research issues tackled by the studies in this category included barriers to and the performance effects of e-integration (Frohlich, 2002) , key drivers and performance impacts of web technologies in supply chain management Wiengarten et al., 2013) , organisational and environmental factors that moderate the effects of internet-based interorganisational systems on firm performance (Sila, 2010) , the impact of e-business technologies on operational performance (Devaraj et al., 2007) , and the factors that affect the adoption (Chong et al., 2013) and diffusion ) of e-collaboration in supply chain management.
e-marketplaces: Some of the studies in this category centred on factors that affected the adoption of e-marketplaces (e.g., Tao et al., 2007; Chien et al., 2012; Saprikis and Vlachopoulou, 2012) , the barriers to the adoption of e-marketplaces (Loukis et al., 2011) , e-procurement practices (success factors and challenges to its implementation) in e-marketplaces (Angeles and Nath, 2007) , the different types of digital markets, their key characteristics, and how firms can use them differently (Dou and Chou, 2002) , capabilities needed to develop e-marketplaces that create and sustain participant contributions (Koch, 2010) , factors that affect suppliers' participation in private electronic markets (Lee and Lim, 2007) , service quality dimensions in B2B e-marketplaces (Janita and Miranda, 2013a) , and so on.
B2B EC strategy:
Papers that fell into this category explored research issues such as the types of e-business strategies firms use to interact with customers and suppliers (Cagliano et al., 2009) , how these strategies are related to supply chain integration mechanisms (Cagliano et al., 2005) , e-commerce initiatives as important strategic initiatives and their effects on IT human resources, information systems and information sharing capabilities, which eventually predict collaborative process capabilities (Zhao et al., 2008) , and the extent to which the adoption of e-commerce in small-and medium-sized enterprises has been strategic (Sadowski et al., 2002) .
We also listed the 197 studies under several categories based on their objectives as shown in Table 3 . As mentioned before, the focus of this study was on adoption/assimilation/diffusion of B2B electronic commerce. Therefore, all of the categories identified were related to this core theme. We closely examined each paper to determine its objectives as stated by its authors and based on the analyses conducted. This process yielded nine distinct categories of objectives across the 197 papers. Table 3 shows that most of the studies focused on 'B2B EC adoption and various factors affecting adoption' (78) and 'B2B EC adoption and specific factors affecting adoption' (15), followed by 'B2B EC adoption and business performance effects' (54), 'B2B EC adoption and stages of maturity in B2B EC usage' (16), and 'Factors affecting B2B EC adoption/diffusion and business performance effects' (11). The rest of the studies had the following objectives: 'B2B EC adoption and stages of maturity in B2B EC usage and business performance effects' (8), 'Factors affecting B2B EC adoption and diffusion' (7), 'B2B EC diffusion and business performance effects' (5) and 'B2B EC adoption and adopter categories' (3).
B2B EC adoption and various factors affecting adoption (Category 1: 78 studies):
Studies in this category mainly dealt with the analysis of various factors that affect B2B EC adoption. These factors were mostly extracted either through statistical analysis of survey responses and, to a lesser extent, through multiple case study analysis. For example, according to a study of the US firms by Soliman and Janz (2004) , factors that influence the adoption of B2B EC include pressure from trading partners, pressure from competition, costs, top management support, trust, network reliability, data security, scalability and complexity.
B2B EC adoption and specific factors affecting adoption (Category 2: 15 studies):
Studies included in this category were similar to those in the previous category except that they focused on specific factors that may influence adoption such as trust related factors (e.g., Ratnasingam, 2005; Lai et al., 2011; Lai and Tong, 2013) , supplier related factors (e.g., Deeter-Schmelz et al., 2001; Andreu et al., 2010) , capability related factors (e.g., Koch, 2010; Mishra et al., 2013) , market orientation (Li et al., 2010) and information orientation (e.g., Hsieh et al., 2006) . Table 3 Objectives categories of papers by year of publication and subject area Table 3 Objectives categories of papers by year of publication and subject area (continued)
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Objectives categories of papers by year of publication and subject area (continued)
Figure 1 A list of B2B EC adoption/diffusion factors
Studies in the previous category are more holistic and comprehensive in terms of the factors being tested, whereas the ones in this category are not. However, studies focusing on specific factors can be more informative and provide more details about the issues surrounding the effects of these factors. We identified the adoption/diffusion factors found in the empirical literature by carefully analysing the set of factors tested by the 93 studies in the two objectives categories discussed above. These factors are visually displayed in Figure 1 .
B2B EC adoption and adopter categories (Category 3: 3 studies):
Studies in this category (e.g., Zahay and Handfield, 2004; Harrison and Waite, 2005) analysed B2B EC adoption through the lens of different types of adopters, including early adopters, early majority, late majority and laggards. Two of the three studies in this category (i.e., Waite, 2005, 2006 ) also tested the factors that affect B2B EC adoption.
B2B EC adoption and business performance effects (Category 4: 54 studies):
This category had the second largest number of studies. These studies tested the various performance effects of B2B EC adoption using several statistical methods. Some of the studies in this category also operationalised adoption factors.
B2B EC diffusion and business performance effects (Category 5: 5 studies):
According to Fichman (2001) , internal diffusion is described as 'the extent of use of an innovation across people, projects, tasks or organisational units'. On the other hand, 'external diffusion refers to the extent to which the firm has integrated its supply-chain partners by using web technologies and systems to perform transactions with them' . We only included those studies in this category that assessed the extent of diffusion by such measures as the proportion of total suppliers who interact with the firm through the web, the proportion of total supplier transactions done through the web, and the proportion of overall interactions with suppliers through the web ). There were only five studies in this category, suggesting that B2B EC diffusion and performance relationships have not received as much attention as B2B EC adoption from researchers. One of the studies in this category (Zhu et al., 2006a ) also analysed the antecedents of B2B EC adoption. (Category 6: 7 studies) : Research in this category made a distinction between the adoption and diffusion phases of B2B EC initiatives, since adoption of a technology is not always equivalent to its usage by a firm. That is, the monetary value of the amount invested in IT does not correctly measure the efficacy of IT, since the level of usage differs across industries, firms or processes (Devaraj and Kohli, 2003) . Therefore, several phases of technology assimilationinitiation, adoption, routinisation -may need to be analysed to understand the factors that affect assimilation and its effects better (Zhu et al., 2006b) . As shown in Table 3 , there are only seven studies in this category. (Category 7: 11 studies) : In addition to incorporating the adoption and diffusion phases of B2B EC implementations, the studies in this category also tested the performance effects of these initiatives. There are 11 studies in this category as illustrated in Table 3 . B2B EC usage (Category 8: 16 studies) : This category represents the third largest research area, where 7 of the 16 studies were published between 2008 and 2010. These studies analysed the level of firms' participation in e-marketplaces (e.g., Grewal et al., 2001; Papastathopoulou and Avlonitis, 2009; Caniato et al., 2009 Caniato et al., , 2010 , and the extent to which firms are integrated with their supply chain partners through internet-based technologies (Thun, 2010; Schubert and Legner, 2011; Wu and Chang, 2011) . Some of the studies in this category (e.g., Grewal et al., 2001; Salmeron and Bueno, 2006; Cegarra-Navarro et al., 2007; Papastathopoulou and Avlonitis, 2009; Wu and Chuang, 2009 ) also operationalised adoption factors.
Factors affecting B2B EC adoption and diffusion
Factors affecting B2B EC adoption/diffusion and business performance effects
B2B EC adoption and stages of maturity in
B2B EC adoption and stages of maturity in B2B EC usage and business performance effects (Category 9: 8 studies):
The studies in this category tested the effects of the level of internet-enabled supply chain integration on various performance measures such as operational performance (Frohlich and Westbrook, 2002) , procurement productivity (Rai et al., 2006) and firm performance (Jun and Kang, 2009 ). Four of the eight studies (Frohlich and Westbrook, 2002; Teo and Pian, 2003; Jun and Kang, 2009; Sila and Dobni, 2012 ) also analysed the factors related to the adoption of B2B EC.
Among the limitations of the studies analysed were the use of single informants at the firm level, too much focus on cross-sectional survey data, and the scarcity of the analysis of contextual variables. These issues are discussed in more detail in the recommendations section.
Some of the 197 selected empirical papers also used a number of theories as frameworks. According to Table 4 , the top six most frequently used guiding theories in empirical B2B EC research include the resource-based view (RBV), innovation diffusion theory, transaction cost theory, institutional theory, the technology acceptance model and the technology-organisation-environment (TOE) framework. The other guiding theories researchers in this area used, to a lesser extent, are also listed in Table 4 .
Innovation diffusion theory (Rogers, 1995) is also the most often used theory by researchers in the IT adoption literature (Fichman, 2004) . It includes several innovation characteristics such as relative advantage, complexity, compatibility, observability and trialability that may either promote or act as barriers to IT adoption. According to the RBV, firms have heterogeneous resources that are valuable, rare, imperfectly imitable and non-substitutable. These resources include 'all assets, capabilities, organisational processes, firm attributes, information, knowledge, etc. controlled by a firm that enable the firm to conceive of and implement strategies that improve its efficiency and effectiveness' (Daft, 1983 ) and achieve long-term competitive advantage (e.g., Wernerfelt, 1984; Barney, 1991) . However, the literature suggests that IT resources produce business value only when they are complemented with other organisational and environmental resources (Mata et al., 1995; Wade and Hulland, 2004) .
The TOE framework (Tornatzky and Fleischer, 1990) identifies three types of factors that affect technology innovation adoption: the technological context (e.g., availability, characteristics), organisational context (e.g., size, complexity of managerial structures, communication processes, availability of slack resources) and environmental context (e.g., industry characteristics and market structure, IT infrastructure, government regulation). According to institutional theory (DiMaggio and Powell, 1983) , organisations face coercive, mimetic and normative pressures to conform to practices and polices considered to be legitimate in their environments to remain competitive. Mimetic pressures may drive firms to adopt the practices or innovations of other firms in their environments to acquire social legitimacy, regardless of whether these practices or innovations provide any value. Coercive pressures involve formal or informal pressures that are exerted by other organisations such as governmental regulatory bodies and parent corporations. These pressures push firms to adopt structures or practices that serve the interests of these organisations. Normative pressures include those that are exerted by suppliers, customers, as well as business, trade, and professional organisations to adopt certain practices or innovations (DiMaggio and Powell, 1983) .
Some of the previous studies in this area (e.g., Soares-Aguiar and Palma-Dos-Reis, 2008) used the TOE framework and institutional theory together, since institutional factors supplement the environmental context of the TOE framework. In fact, institutional theory has been combined more frequently with other theories than any of the listed theories. Grewal et al. (2001) , Son and Benbasat (2007) Transaction cost theory allows for the analysis of the 'comparative costs of planning, adapting, and monitoring task completion under alternative governance structures'. The unit of analysis in this theory is a transaction, which 'occurs when a good or service is transferred across a technologically separate interface' (Williamson, 1985) . Transaction costs result from determining fair market prices, negotiating, and executing economic exchange (Williamson, 1991) . Two human factors (bounded rationality, opportunism) and three environmental factors (asset specificity, uncertainty, frequency) underlie these transactions costs (Williamson, 1985) . According to transaction cost theory, firms should minimise transaction costs by selecting the appropriate governance structure. The higher the asset specificity and uncertainty, the higher the risk of opportunism and thus the tendency to choose a hierarchical governance structure. As transaction frequency increases, the comparative advantage of using market governance structures diminishes and the incentive to adopt a hierarchical governance structure increases, since the costs associated with hierarchical governance structures can be spread over a larger number of transactions (Williamson, 1985) . However, interorganisational systems research suggests that IT reduces external coordination costs, making it more appealing for firms to adopt market governance structures rather than hierarchical governance structures (Robey et al., 2008) .
Most of the studies that used innovation diffusion theory (around 60%) and the TOE framework (around 65%) as a framework were in the MIS area, whereas similar proportions of MIS and MS/POM studies used the RBV, institutional theory, and transaction costs theory. Among the top three subject categories in empirical B2B EC research, MIS, MS/POM, and Marketing studies consisted of ~40%, 35% and 15% of the 197 studies, respectively. About 60% of the MIS studies used at least one theory as a framework, whereas ~45% of the MS/POM studies and 50% of the Marketing studies utilised at least one theory. Overall, ~55% of the 197 studies used at least one theory. In total, 55 different theories were utilised. Table 4 Theories used in empirical B2B EC research Table 4 Theories used in empirical B2B EC research (continued)
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B2B EC-performance relationships
Seventy-eight of the 197 studies explored B2B EC-performance relationships. Therefore, it is important that we look at this research area more closely. We first discuss the general literature on IT-performance and interorganisational information systems-performance relationships before we focus on B2B EC-performance linkages to see whether there are parallels between the two streams of research in terms of their findings.
Conflicting/mixed findings in the general literature
The results of previous empirical studies were conflicting in that some reported positive gains and some found no gains or reported losses from making investments in IT. These inconsistent results may be attributed to the fact that many of these studies did not take into account differences in industry or organisational characteristics (Ragowsky et al., 2000; Lee and Kim, 2006) . Some of the studies in the interorganisational information systems literature reported positive gains. For example, Mukhopadhyay et al. (1995) found that Chrysler saved $220 million due to improved information exchanges with its suppliers as a result of using EDI. Barua et al. (1995) analysed the economic impacts of IT using 60 survey responses from the manufacturing sector. The study concluded that many of the positive effects of IT were on intermediate variables (i.e., operational variables such as capacity utilisation and inventory turnover), which, in turn, drove higher level variables such as market share and profitability. Auramo et al. (2005) conducted case studies and surveys of progressive firms that used IT solutions in their supply chains such as EDI and extranets. They found that these solutions helped firms to improve customer service, operational efficiency, information quality and agility of their supply networks. On the other hand, some studies report that mixed results were obtained from the implementation of interorganisational information systems. For example, the switch from a paper-based medical record system to an electronic one in an emergency medical service that shared patient information with various agencies suggested that different performance measures were impacted differently. Although operational performance suffered as a result of increased time for documenting medical records, various other organisational performance measures improved (McLeod et al., 2008) . As well, Kim et al.'s (2011) findings indicate that interorganisational information systems help suppliers (but not buyers) to achieve supply chain visibility and improve supply chain performance. Wade and Hulland (2004) argue that the RBV is very valuable for IS research and Melville et al. (2004) focus on RBV's usefulness to the study of IT business value. Both studies use the RBV to formulate propositions for future IT research. A number of previous studies used the RBV to analyse the relationship between IT and business value (e.g., Mata et al., 1995; Bharadwaj, 2000) . Since the RBV does not specify the mechanisms needed for firm resources to achieve competitive advantage, Melville et al. (2004) analyse previous IT business value models to posit relationships between IT resources and firm performance. They contend that improvements in organisational performance occur after IT resources are applied within the appropriate business processes and improvements in these processes are realised. A similar viewpoint is expressed by Premkumar et al. (1994) , who argue that information obtained from EDI has to be aligned well with internal IS applications in order for EDI to enhance the efficiency and effectiveness of firm's operations. For example, the purchase order received from customers through EDI can be valuable only if it is integrated with the production planning system (Premkumar et al., 1994) . On the basis of strategic IT research, Wade and Hulland (2004) also suggest that the effect of IT on firm performance is indirect and that intermediate-level dependent variables at the business process level must be used to measure the performance effects of IT resources. In fact, the findings of a study by Dehning et al. (2007) indicate that manufacturing firms' IT-based supply chain management systems help them to improve financial performance through improvements in their business processes. Similar findings were reported by Shah and Shin (2007) , who concluded that the effect of IT investment on financial performance was significant only through the mediating effect of operational performance. Makido et al. (2003) report that IT improves competitiveness not directly but through labour empowerment and strategic alliances. As mentioned earlier, Barua et al. (1995) also found that intermediate variables are important.
The role of mediators in IT-firm performance relationships in the general literature
There are also some empirical studies that contended that a positive direct link exists between IT investment and financial performance. However, some of these studies emphasise that IT usage rather than the actual IT investment, or a minimum amount of investment, positively affects performance. For example, Osei-Bryson and Ko (2004) reported that IT investments contributed to improved productivity only when they exceeded a certain minimum value. Other studies (e.g., Stratopoulos and Dehning, 2000) suggested that those firms that utilised their IT resources more efficiently obtained better financial results. Stratopoulos and Dehning (2000) argued that the effective management of IT resources was probably more important than the amount invested in these resources. However, their findings indicate that effective IT users outperform their less effective counterparts for only 3-4 years and lose their financial advantage as other competitors adopt the same IT resources. Devaraj and Kohli (2003) also stated that it is IT usage and not IT investment that contributes to improved organisational performance. Using data from eight hospitals, the authors tested this hypothesis after controlling for several external variables such as Medicare, Medicaid, patient income and so on, and found that IT usage had a significant positive impact on measures of hospital revenue and quality.
Organisational characteristics complementary to IT/moderators in the general literature
Some of the other studies in the field also explored certain organisational characteristics that may be complementary to IT. For instance, Zhu (2004) used the RBV to investigate the complementarity of back-end IT infrastructure (e.g., number of PCs, total number of local area networks, number of mainframes, etc.) and front-end e-commerce capability. The study found that this complementarity had a strong positive effect on firm performance measured by sales per employee, inventory turnover and cost reduction. The overall business value that resulted from this complementarity was greater than the individual effects of IT infrastructure and e-commerce capability. The author argued that the so-called 'productivity paradox' found across different studies could be attributed to the absence of measurement of complementarities in addition to variations in methods and measures across these studies.
In testing for the effect of IT investment on firm financial performance, Lee and Kim (2006) controlled for the effects of the information intensity of the industry and the lag effects of IT investments. Their findings suggested that IT contributed to improved financial performance, but this effect was larger for high information-intensive firms than it was for low information-intensive industries. In addition, even though there were both immediate and lag effects of IT investment on financial performance, the latter was larger. Tallon et al. (2000) concluded that firms that closely aligned their IT investments with their business strategy had significantly higher IT payoffs than those firms with weak IT-business strategy alignment. In addition, firms that utilised IT evaluation techniques or conducted post-implementation reviews reaped greater benefits from their IT investments than those firms that did not. Similar findings were reported by Sohal et al. (2000) . Croteau and Raymond (2004) also drew attention to the need for IT-strategy alignment for IT investments to be successful. They showed that when IT competencies (connectivity, flexibility, technological scanning) were aligned with strategic competencies (shared vision, cooperation, empowerment, innovation), they improved business performance measured by growth and profitability.
Other studies find that the types of technologies being used also have different effects on various performance measures. According to Da Silveira and Cagliano (2006) , dyadic interorganisational information systems are related to the performance priorities of stable chains (cost, delivery and quality), whereas multilateral interorganisational information systems are associated with the performance priorities of dynamic supply chains (flexibility and quality).
We can observe parallels to these issues in B2B EC research as well. We now discuss the effects of B2B EC adoption on firm performance based on the empirical findings in the B2B EC literature.
Direct effects in B2B EC-firm performance relationships
Empirical studies such as Barua et al. (2004) , Ranganathan et al. (2004), and Sila (2010) focused on the adoption and performance effects of internet-based B2B EC technologies. For example, Barua et al. (2004) tested a model positing that the abilities of firms to coordinate and utilise their resources (including processes, IT, and readiness of customers and suppliers) created online informational capabilities, which resulted in customer and supplier-side digitisation. The model also suggested that this digitisation improved financial performance. The study found that firms were more advanced in their customerside initiatives than in their supplier-side initiatives. In addition, supplier-side digitisation had a positive effect on customer-side digitisation, which, in turn, contributed to financial performance. Ranganathan et al. (2004) tested a model, where organisational environment and external environment were posited to lead to the internal assimilation and external diffusion of web technologies in firms' supply chains, respectively, which then resulted in improved performance. These model relationships were supported using data from North American firms.
Approximately 75% of the 78 studies in this category tested direct relationships between various B2B EC and performance measures. Overall, a large number of these studies found that B2B EC improved various business performance measures such as operational performance, efficiency, sales performance, customer satisfaction, relationship development, financial performance and productivity. About half of the 78 studies found the direct relationships tested to be positive, whereas a few studies reported them as being non-significant or mixed. Although most of these performance measures were non-financial in nature, positive effects on financial measures were also reported (e.g., Frohlich, 2002; Barua et al., 2004; Hartley et al., 2004; Johnson et al., 2007; Rosenzweig and Roth, 2007) with the exception of studies such as Avlonitis and Karayanni (2000) , Sila (2010) and Barua et al. (2004) , who reported either non-significant or negative effects on financial performance. However, unlike some of the previous general IT literature that focused on the effect of IT investment on performance, where the concept of 'productivity paradox' emerged, most of the empirical literature on B2B EC-performance relationships focused on the impact of actual B2B EC usage on performance. This is possibly why more positive effects on various performance measures including financial measures were reported.
The role of mediators in B2B EC-firm performance relationships
Only around 15% of the 78 studies tested indirect/mediator effects on performance. For example, Sila (2010) found that the adoption of IT has a direct effect on business process performance, which measures the efficiency of specific business processes. Improvements in these specific business processes, in turn, boost operational performance, which eventually lead to improvements in financial performance. The positive effect of business process performance on financial performance was both direct and indirect through the mediating effect of operational performance. Some of the other intermediate level variables that have been tested by researchers included sales management activities and product management activities (Avlonitis and Karayanni, 2000) , electronic procurement innovations usage pattern (Rai et al., 2006) , supplier integration and customer integration (Devaraj et al., 2007) , market orientation (Borges et al., 2009 ), process performance (Dong et al., 2009 ) and cost reduction, internal efficiency, managerial effectiveness and coordination (Teo and Lai, 2009 ). Most of the indirect effects turned out to be positive and significant, indicating the importance of intermediate level variables.
The effects of moderators in B2B EC-firm performance relationships
Similar to mediating effects, ~15% of the 78 studies examined the effects of moderators on B2B EC-performance relationships. For example, Zhu and Kraemer (2002) controlled for the effects of industry type and firm size and found a significant relationship between e-commerce capability and some measures of firm performance (e.g., inventory turnover). However, the results also indicated that e-commerce is related to increased cost of goods sold for traditional manufacturing firms but not for technology firms. As well, both Frohlich and Westbrook (2002) and Sila (2010) reported that B2B EC contributed to improved performance in manufacturing firms but not in service firms. In addition to firm type, Sila (2010) found that firm age and ownership type moderated the effects of B2B EC on performance differently. Other moderators used in the literature consisted of variables such as environmental uncertainty (Wu et al., 2003) , competitive intensity (Dong et al., 2009) , process characteristics (Subramaniam and Shaw, 2004) , trust and retailer capabilities (Corsten and Kumar, 2005) , business strategy (Soh et al., 2006) , I. Sila product complexity, market variability and environmental munificence (Rosenzweig, 2009) , technological opportunism (Voola et al., 2012 ) and e-procurement system type (Oh et al., 2013) . Although some of the moderators tested were non-significant, others were significant, suggesting that such variables must be integrated into the models tested in this area.
Implications for research and practice
Implications for research and future research directions
Research by subject area, objectives and use of theory
The field is positioned to grow and evolve, given the increased interest by researchers over the past decade. Since the MIS journals have taken an early lead in publishing research related to this topic, theory development in the MS/POM and other areas appear to have lagged behind that in the MIS area. Thus, there is demonstrably a need for researchers in these areas to take a more systematic approach to ground their studies in theory. Some directions for future research in these areas as they pertain to the adoption of B2B EC will be discussed in the following sections.
Research on B2B EC adoption from the perspective of other subject areas such as Tourism, Marketing and General Management still remains untapped. For example, in the tourism field, future research can explore how travel agents, hotels, and airlines use various B2B EC technologies to coordinate their activities with their supply chain partners, what factors affect the adoption of these technologies and the effects of these technologies on firm and supply chain level performance. More specifically, the technologies (as mentioned in Turban et al., 2012 ) that could be analysed include EC-based scheduling and control tools to help large corporations to arrange their travel through corporate travel agents; tools (e.g., Travel Insight Plus) to identify air travel savings opportunities for organisations; social networks such as that offered by American Express; and online tools offered by companies such as Expedia, Travelocity, and Orbitz to help businesses to manage travel and achieve savings.
In the marketing field, researchers can empirically test factors (e.g., individual, interpersonal, organisational factors, as well as market stimuli such as price, brand, promotions and advertising) that can affect organisational buyer behaviour in the B2B environment. Marketing researchers can also explore the antecedents and consequences of B2B marketing and advertising methods that can be utilised to connect with business customers. For example, Turban et al. (2012) point to the following marketing and advertising methods: online directory services, matching services, the marketing and advertising services of exchanges, cobranding or alliances, affiliate programs, online virtual trade shows, online marketing services and e-communities.
Researchers in the General Management area could explore the types of strategies firms use to adopt B2B EC technologies and how the strategic orientation of firms influences their approach to B2B EC adoption. In addition, they can analyse whether firm's context such as size, industry, product or service characteristics, and environmental factors such as the intensity of competition and the dynamism of the business environment influence these relationships.
As shown in Table 3 , most of the studies were related to 'B2B EC adoption and various factors affecting adoption' and 'B2B EC adoption and specific factors affecting adoption'. Even when various factors were used, the set of factors operationalised by most of the studies was not comprehensive. Therefore, future studies need to test a wider range of potential factors. More studies could also examine factors that inhibit adoption and diffusion since most studies focus on factors that facilitate them. As well, there were a number of common factors across studies with conflicting effects on adoption or diffusion (e.g., firm size). Such factors should be analysed in more detail with further research. In addition, given the instability of the business environment, new factors might emerge that may facilitate or inhibit the deployment of B2B EC. Therefore, new constructs may need to be operationalised.
An analysis of the nine categories of objectives identified suggest that there is especially a lack of empirical research in the following categories: B2B EC adoption and adopter categories, B2B EC diffusion and business performance effects, factors affecting B2B EC adoption and diffusion, and factors affecting B2B EC adoption and diffusion and business performance effects. In addition, some of these papers only looked at the customer or supplier side of B2B EC adoption and diffusion. Thus, more empirical research is needed to analyse adoption/diffusion in both the upstream and the downstream supply chain.
Moreover, most of the studies analysed used single informants at the firm level. Future studies should use multiple informants at the firm level (e.g., top managers, IT department, employees etc.), as well as key informants from partner firms to more fully assess the adoption and diffusion of B2B EC. It is also possible for different types of B2B EC, whether they be customer-side or supplier-side technologies, to be influenced by different antecedents and have different consequences. Therefore, rather than aggregating these B2B EC, it may be more useful to conduct more analyses at the technology level. More studies also need to be conducted to test whether the antecedents and consequences of these individual technologies differ at different stages of adoption and diffusion and whether each firm is affected differently based on its position in the supply chain (e.g., manufacturer vs. distributor vs. retailer). The use of holistic models that account for all of these variables would give a more complete picture of the phenomenon under investigation.
There are also methodological limitations in many of the studies examined, which future studies should try to overcome. A large percentage of the analyses involved the use of cross-sectional survey data, which, in some cases, had small sample sizes. Longitudinal studies are more useful in assessing the different stages of B2B EC deployment and the impact on firm performance over time at various stages. There is also a far larger number of survey studies than case studies in this area. Researchers should conduct more case studies to better understand the various stages involved in the deployment of B2B EC and to develop theory.
In addition, many of the studies have not examined the effects of contextual variables such as industry type and country of origin. Chiasson and Davidson (2005) argue that the role of industry type has not been analysed in IS research and theory, though it has a significant impact on IS activities. Our analysis suggests that this has been the case in empirical B2B EC research as well. Another variable related to industry type is product or service type, which provides further research opportunities. Previous IT research suggests that product or service type is one of the important factors that influence how long competitive advantage can last. For example, long-cycle products such as local phone services, airport hubs, and operating systems, where customer lock-in is common, competitive advantages can be sustained for 7-10 years. With standard cycle products and short-cycle-products, these advantages can last for 4-6 years and less than 3 years, respectively (Wade and Hulland, 2004) . Thus, future research can analyse the relationship between B2B EC and firm performance across different product and service types. Longitudinal studies would be especially useful in assessing the duration of competitive advantages provided by these technologies.
Another contextual variable that received little attention in empirical B2B EC research is cross-country differences. For example, Batenburg (2007) reported that European countries exhibited differences in the rate of their e-procurement adoption. Gibbs et al.'s (2003) findings also suggested that local differences in terms of the national environment and governmental policy play a role in e-commerce diffusion. Therefore, more research should be dedicated to the examination of cross-country similarities and differences in the adoption and diffusion of B2B EC.
Our research showed that researchers have been more preoccupied with e-integration across functions or supply chain than the other four categories of research we identified. Although several studies were conducted on e-procurement, it is obvious that more research is needed on other B2B functional activities such as e-marketing and e-distribution. Our analysis also suggests that more empirical research should be conducted on specific B2B technologies such as e-auctions and e-marketplaces and on strategic issues related to B2B EC. Research issues tackled in each of these areas have also been somewhat haphazard, making it difficult to identify meaningful patterns. A more methodical approach to these empirical issues will help B2B EC research to advance within a well-established framework.
Among the top three subject areas that published empirical B2B EC research, a larger percentage of the papers in the MIS area used at least one theory as a framework than those in the MS/POM and Marketing areas. However, MS/POM studies have used more theories per study on average then both MIS and Marketing studies. Overall, it would be vital for all areas to utilise a more diverse set of theories within each study to better explain the adoption and diffusion of B2B EC.
In addition, the fact that ~90% of the MIS and MS/POM studies and 73% of the Marketing studies included in this study used five common theories (innovation diffusion theory, the RBV, the TOE framework, institutional theory, transaction cost theory) makes us wonder whether these theories sufficiently explain the adoption and diffusion of B2B EC or whether researchers are arbitrarily focusing on a limited set of theories. Future research may test the applicability of various theories to specific B2B EC technologies.
Adoption/diffusion factors
One of the limitations of the studies in this area is that only the effects of a limited number of adoption factors have been empirically tested in each study. In reality, the number of potential factors and contextual variables is much larger. We recommend that future researchers explore a wider set of potential adoption factors (displayed in Figure 1 ) and test whether their effects vary in different contexts.
Another opportunity for future research lies in the area of stage-based implementation of B2B EC in that the significance of these factors may vary in different stages (e.g., adoption, internal diffusion, external diffusion, routinisation, etc.) of B2B EC implementation. Even though stage-based models have been studied frequently in the general innovation adoption and IS literature, they have rarely been analysed in the implementation of B2B EC.
B2B EC-performance relationships
Our analysis has shown that only a limited number of studies have used intermediate variables in testing the relationship between B2B EC and firm performance. Given the importance of these variables, more studies should integrate intermediate variables into their models to better understand the means through which B2B EC contribute to firm performance. Similarly, only a few studies looked at the effects of moderators on B2B EC-performance relationships. Inconsistent results regarding the effects of IT on performance reported in the general IT literature are also common in the B2B EC literature. Although some of the conflicting results may be due the different survey instruments, study designs or methodologies used, others are probably due to the existence of various contextual factors or moderators that have not been analysed by many of these studies. Wade and Hulland (2004) also argue that potential moderators might affect the relationship between IS resources and performance and therefore researchers applying the RBV in the IS context must make it a top priority to identify moderating constructs. Such constructs should be utilised in B2B EC adoption models as well. For example, these constructs could include organisational factors such as top management commitment, organisational structure, corporate culture, firm size, location (Wade and Hulland, 2004) , and industry characteristics (Melville et al., 2004; Wade and Hulland, 2004) , as well as organisational resources such as workplace practices and change initiatives (Melville et al., 2004) and environmental factors such as environmental turbulence, munificence and complexity (Wade and Hulland, 2004) , degree of competition in an industry, country factors, and telecommunications infrastructure (Melville et al., 2004) .
Another void in the empirical B2B EC literature is the lack of use of objective performance data that can be attributed to the implementation of B2B EC. Although it is often difficult to obtain such data from firms for proprietary reasons, more effort is needed to collect objective data to minimise bias.
Implications for practice
The implications of our research for practice are threefold. First, the adoption/diffusion factors, identified from the empirical literature and grouped in Figure 1 into four categories (technological, organisational, interorganisational, and technological factors), can be used as a framework by managers in planning their B2B EC initiatives and tracking these technologies' internal and external diffusion. Secondly, as evidenced by our analysis, B2B EC can improve performance in the areas of operational performance, efficiency, productivity, sales, customer satisfaction, relationship development, financial performance and so on. Therefore, firms need to develop measures to track these relationships. Thirdly, there is empirical evidence that certain factors such as firm age, ownership type, and competitive intensity can moderate B2B EC-performance relationships and require that firms tailor their B2B EC implementation initiatives to fit their unique needs.
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Conclusions
This study contributes to the literature by taking an analytical look at the current state of empirical B2B EC literature and its development over the past 13 years. The study also has some limitations. Although we used various keywords to search and identify relevant research, we may have missed some of them if the keywords did not appear in the title, abstract or keyword sections of the papers or if the papers were not listed in the databases we searched. In addition, we treated all the papers selected for the review equally, even though their quality, as well as the quality of the journals they were published in, and their impact, may have been different.
We attempted to identify specific areas of research that could be pursued to further develop this field of study. The findings suggest that although progress has been made in this field, much remains to be done in terms of content, theory, methodology, and analytical approaches. In terms of theory, empirical researchers need to use a pool of untapped theories and approaches to explain the adoption and diffusion of various B2B EC technologies and their performance effects. They also need to expand the scope of research objectives and increase methodological rigor.
